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ScienceDirectScenarios are important tools to facilitate the communication
among scientists, practitioners, and decision-makers, and, thus
to support policy and management decisions. The use of
scenarios has an enormous potential to reduce ecosystem
restoration costs and to optimize benefits, but this potential
remains poorly explored. Here, we recommend and illustrate six
best practices to guide the use of scenarios for planning native
ecosystem restoration. We argue, first, for a participatory
process to consider aspirations of multiple stakeholders along
the whole scenario building process, from planning to
implementation and review phases. Second, targeted
restoration outcomes should be defined by key-actors (those
who have direct interests in restoration) and directly involved
stakeholders, within a clear socio-environmental context and
under a well-defined problem statement, considering a broad
range of nature and human benefits that can be derived from
ecosystem restoration. Third, methodological choices, such as
scenario types, spatial and temporal scales, drivers, restoration-
related variables, and indicators, should be defined according to
the multiple desired outcomes. Fourth, we encourage the
consideration of the interactions among variables, within a
spatially explicit, and temporally dynamic multi-criteria
approach. Fifth, analysis and dissemination of scenario results
should highlight the trade-offs and synergies among different
restoration outcomes, identifying the scenarios that maximize
benefits and minimize costs and resistance (i.e. the cost-
effective and most feasible scenario) for multiple targets. Finally,
promoting capacity building, through a wider consultation
process including interaction with a broader group of
stakeholders, is critical for the successful implementation and
review of restoration interventions. Scenarios that support
ecosystem restoration should follow an adaptive and iterative
process, aiming to continuously improve restoration
interventions and outcomes.
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Considered stakeholders: are those individuals and institutions who do
not necessarily have an interest or need to participate in the restoration
scenarios development, donot havepotential to influencethescenarios,
but may be directly or indirectly affected by the restoration.
Scenario approach
Transdisciplinarity: is an interdisciplinary or integrative approach,
which crosses disciplinary/academic boundaries, and allows
integration of knowledge from academic and non-academic (e.g.
practitioners empirical experience or local knowledge) participants to
deal with a common research goal [10].
Participatory approach: is an approach in which a range of
stakeholders are directly involved in the whole process, from the
design to the assessment of scenarios. The approach takes into
account different perspectives and issues and adds value to the
assessment of synergies and trade-offs.
Adaptive management approach: is an iterative and learning-based
management approach, where actions are constantly tested and
evaluated, in order to be improved over time. This approach helps to
deal with uncertainty and incomplete knowledge in decision-making
process, reducing the gap between science and practice [12].
Scenario and model setup
Outcomes (Y-axis): are results, goals or targets to be achieved that
address the problem statement according to the perspectives of key-
actors and stakeholders. There may be conflicting desired outcomes,
but those will provide input into the scenario development process.
Input variables: are all variables that can affect expected outcomes,
which can include a wide array of direct and indirect human drivers,20Departamento de Biologia Vegetal, Instituto de Biologia, Universidade
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General definitions
Scenarios: We adopted the definition of IPBES [4], which considers
scenarios as ‘representations of possible futures for one or more
components of the system, particularly for drivers of change in nature
and nature’s benefits, including alternative policy and management
options.’
Models: are simplified representations of real systems. Models can
be qualitative or quantitative, and represent some components of the
systems and their relationships [4]. For ecological restoration,
models are particularly important to relate restoration-driven changes
in ecosystems structure, with their consequent implications for the
functioning of ecosystems, particularly with the provision of
ecosystem services.
Ecological restoration: consists of human interventions to assist the
recovery of an ecosystem that has been degraded, damaged, or
destroyed (sensu SER, [53]). Those actions include the reduction of
ongoing degradation processes and an active action to reverse
degradation (active restoration action), but can also include actions of
halting or avoiding degradation processes, without any other
intervention ( passive restoration action). Active restoration is a more
expensive and labor-intensive action than passive restoration,
however passive restoration is only possible if the system is still
resilient, and thus can recover by itself (e.g. by natural regeneration
processes).
Stakeholders
Key-actors: are those individuals or institutions that have a direct
interest in the restoration process, for example, government agency
concerned with enabling policy (signatory to CBD, Aichi targets),
landowners. They initiate the process.
Involved stakeholders: are those individuals or institutions who may
affect restoration scenarios through their direct actions on restoration
sites or through the impacts that scenarios can have on them.
such as abiotic (e.g. parameter related with relief, climate) and biotic
conditions (e.g. regional species pool, local seed banks, seed rain,
and germination), landscape structure (e.g. isolation or connectivity to
potential source patches, anthropogenic matrix type, fragment size,
surrounding habitat amount), time elapsed since restoration, and
history of degradation [33].
Problem statement: is the identification of the situation that needs to
be solved through ecological restoration, taking into consideration the
socio-environmental context.
Socio-environmental context: includes both the biophysical context
(i.e. the ecosystem and its bio-physical drivers) as well as the
associated societal/social and political actors and institutions.
Anthropogenic drivers: are factors or processes associated with
human actions or activities that lead to changes in the study systems.
Drivers of anthropogenic degradation and restoration will particularly
affect biodiversity and the related ecological processes and
ecosystem services. Drivers can be either natural (e.g. tornados,
landslides, flooding regime) or anthropogenic, but here we focused on
anthropogenic direct and indirect drivers.
Anthropogenic direct drivers: are those anthropogenic processes
that directly affect ecosystems, and thus depend on a human
decision, both related to a degradation process (e.g. native habitat
destruction or degradation, introduction of invasive species,
construction of infrastructure) or to a restoration action (e.g.
reforestation, dam withdrawal). Direct drivers can include: (i) land use
change (which relates to the contraction and/or expansion of the
areas available for restoration); (ii) land use and land cover
degradation (that results from anthropogenic loss of native cover and
from other anthropogenic disturbances such as contamination); (iii)
disturbance regimes (natural factors that affect the landscape, such
as fire, pests, flooding); (iv) invasive species; and, (v) climate change.
Anthropogenic indirect drivers: are factors controlled by humans that
operate by altering the level or rate of change of one or more direct
drivers [4]. They are usually underlying causes of biodiversity and
nature’s benefit changes, which include institutional and governance
22 Current address: Interdisciplinary Centre for Conservation Science, Department of Zoology, University of Oxford, New Radcliffe House, Oxford
OX2 6BW, UK.
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structures, as well as socio-political, economic, technological, legal
and cultural factors that can affect both degradation processes and
restoration actions. Some major indirect drivers of change are: (i)
demographic (e.g. human population growth, density, and migration);
(ii) economic (e.g. markets, income distribution and demand,
incentives, tax benefits, land-use opportunity costs and restoration
costs); (iii) science, knowledge (technical or scientific knowledge,
including indigenous and local knowledge systems), and technology
(physical objects and procedures); (iv) institutions and governance
(corporate, governmental, judicial); and (v) cultural (e.g. willingness to
restore); (vi) legal (laws affecting restoration commitment).Introduction
One of the main environmental challenges of this century
is to reverse current anthropogenic landscape degradation
trends, acting decisively to restore degraded ecosystems,
as recognized by different international commitments,
such as the Bonn challenge, the CBD Aichi targets 14 and
15, or the Initiative 20  20 in Latin America [1]. How-
ever, restoring ecosystems at the spatial and temporal
scales proposed by these commitments represents a con-
siderable challenge, which can only be achieved by
establishing clear targets, considering the diversity of
stakeholders involved and the political, economic,
socio-cultural, environmental, legal, and technological
contexts of ecosystem restoration. As the resources for
restoration are limited and this is a costly activity [2,3],
strategic planning is an obligation. The cost-effective-
ness, however, will depend on the uncertainties related to
the costs of necessary interventions and the potential
benefits that can be obtained from restoration actions.
Here, scenario comparison can be a key tool for restora-
tion prioritization.
Scenarios were recently defined as representations or
storylines of possible futures, including alternative policy
or management options [4]. Scenarios are a way to
simulate, explore, and compare the possible outcomes
of a decision, which makes them an essential decision-
making tool. They need to be combined with robust
models in order to translate the initial conditions defined
by each scenario into realistic outcomes [4].
While scenarios are already used to confront and avoid
future degradation processes [5], they are less common in
restoration planning, where they can be useful to assess
potential impact on biodiversity or ecosystem services (e.
g. [6]), and to evaluate the restoration costs (e.g. [7,8]).
Here, we recommend six best practices to guide the use of
scenarios for planning native ecosystem restoration.
These practices can facilitate, stimulate and optimize
restoration actions in the context of the ambitious global
restoration commitments planned for the coming dec-
ades. An international group of scientists and practi-
tioners, with a wide range of ecosystem restoration expe-
rience from around the world, identified these six best
practices or principles for the development of more
robust restoration scenarios to reduce restoration costsCurrent Opinion in Environmental Sustainability 2017, 29:14–25 and associated conflicts while optimizing its benefits.
The ideal framework to use restoration scenarios should
consider a transdisciplinary, participatory, and adaptive
management approach, from which our main recommen-
dations of best practices can be derived (Box 1). We also
provide a glossary, which should assist scientists and
practitioners to more precisely access the set of deci-
sion-making tools that scenarios offer to support restora-
tion actions.
Principle #1 — adoption of a participatory,
transdisciplinary, and adaptive management approach
Ecosystem and landscape restoration aims to conserve
biodiversity, safeguard essential ecosystem services for
human well-being, and achieve social and economic
benefits [1,9]. Therefore, restoration scenarios should
capture the aspirations of multiple stakeholders, includ-
ing those who have power to influence restoration
initiatives (e.g. government, NGOs, scientists, private
companies, community leaders), and also those who are
likely to be influenced by the restoration projects (e.g.
local communities, landowners).
Stakeholders can have different degrees of involvement
in the scenario development process. Key-actors initiate
the process and are those individuals or institutions that
have a direct interest in the restoration process (e.g.
government agency implementing a restoration policy).
These key-actors are responsible for identifying the
problem statement and socio-environmental context on
which to base the scenarios, as well as supporting finan-
cially and technically the scenario building process. They
also ensure the participation of other parties. Involved
stakeholders are individuals and/or institutions recruited by
the key-actors because of their potential influence over
the scenarios, either directly through their actions on
restoration sites or because the scenarios, or the potential
outputs of them, directly involve these stakeholders in
other ways. Throughout the scenario development pro-
cess, key-actors and involved stakeholders have to contem-
plate another group of considered stakeholders. This group
may be directly or indirectly affected by the restoration
outcomes but do not necessarily have an interest or a need
to participate in the restoration scenario development
(Figure 1).
Each individual or stakeholder group can have different
expectations on restoration outcomes, hence a transdisci-
plinary [sensu 10] and participatory approach [11] is neces-
sary to have these perspectives correctly represented (see
e.g. in Box 2). The group developing the scenarios,
particularly key-actors and involved stakeholders, should
ensure that the whole range of potential perspectives
and interests are represented, aggregating academic
and non-academic knowledge. Similarly, they should
interactively act on all steps of scenario development,
including scenario design, methodological definition,www.sciencedirect.com
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Box 1 Proposed framework for building restoration scenarios that should support restoration planning.
Set ting
• Scenario type
• Scale  (sp atial,  temporal)
• Uncerta inty
Vari able  defi nition
• Dr ivers (X axis)
• Indicators (X and Y
axes) 
Methods
• Data  col lect ion and
proces sing 
• Modeling  app roach
• Variable interac tions
• Spatial ly  expl icit/
implicit 
• Tempo ral  dyna mics
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Schematic representation of the six principles (P1–P6) of the proposed framework to guide the use of scenarios and models for restoring native
ecosystems.
Principle 1 — The restoration framework begins in the nucleus of the figure with the key-actors. These individuals or institutions have a direct
interest in developing a restoration project (e.g. government agency implementing restoration policy). They initiate the restoration scenario building
process by identifying the problem statement and the socio-environmental context on which the scenarios will be based. They are also
responsible for gathering the financial and technical resources that will be needed for the scenario building process, while also ensuring the
participation of other parties. Involved stakeholders have a direct influence on the scenarios, either through their actions or through the impacts
that the scenarios can have on them. Therefore, they are recruited by the key-actors to actively participate in the scenario building process. These
actors consider the interests of a broader group of considered stakeholders who may be directly or indirectly affected by the restoration process.
Principle 2 — By means of a participatory process, key-actors and involved stakeholders work together to determine the desired outcomes of the
scenarios, which represent the range of nature and human benefits of restoration (e.g. enhancing biodiversity or carbon sequestration).
Principles 3 and 4 — The nature of the selected desired outcomes informs the setting, variable definition, and methods that form the basis of
the model definition. The setting includes the scenario type (exploratory, target-seeking, retrospective policy evaluation, or policy-screening), scale
and level of uncertainty. The variables that will be included into the model comprise the indirect and direct drivers of restoration, as well as the
indicators that will be used to measure the effectiveness of the model and of the restoration initiative. Scenario building methods include the
modeling approach, data collection and processing, variable interactions, and spatial and temporal specifications.
Principle 5 — The scenario results undergo an evaluation based on the indicators that were specified in the model definition. Through a
participatory consultation process, a sub-set of stakeholders assess the trade-offs and synergies of the scenario results in terms of how they
work to achieve the desired outcomes. If necessary, they can redefine the desired outcomes and revise the model definition accordingly.
Principle 6 — Once a set of scenario outcomes are agreed upon, the process continues on to the application of the recommendations provided
by the scenarios. This last step may include facilitating the incorporation of the results into policy and disseminating the results to a larger
audience. As the application of the results from the scenarios takes place (through restoration actions), key-actors may choose to address a new
problem statement, restarting the cycle.
www.sciencedirect.com Current Opinion in Environmental Sustainability 2017, 29:14–25
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Figure 1
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The development of scenarios involves potential stakeholders influencing (green), or being influenced by (blue) restoration, with different roles in
the process. A transdisciplinary and participatory approach is employed to harmonize different and sometimes conflicting perspectives on
restoration, while adaptive management safeguards scenario functionality in a changing socio-environmental context.analysis of results, dissemination, and reanalysis, within
an adaptive management approach [12].
Taking such a participatory, transdisciplinary, and adap-
tive management approach is important for two main
reasons: it allows the consideration of aspirations and
knowledge of multiple stakeholders, while also anticipat-
ing constraints for undertaking restoration programs and
scenarios. Indeed, the most successful and creative pro-
jects involving social–environmental complexity are
those where project leaders pursue co-production and
co-ownership of knowledge throughout the process
[13]. For example, Palacios-Agundez et al. [14] and
Convertino et al. [15] showed that developing participa-
tory restoration scenarios that include stakeholder’s feed-
back and preferences generates more realistic scenarios
and increases community engagement.
The participatory process, although essential, is not
straightforward. Deciding who should be involved in
the process is complex (Box 2), as individuals or institu-
tions can have diverse interests. Similar to landscape
governance, informal networks, multi-stakeholder coali-
tions, and/or public–private partnerships are needed to
achieve collective, place-bound outcomes [16]. Compe-
tencies in decision-making and communication are critical
to the process of developing mutual understanding, open-
ness to diverse ideas and progress towards end goals [17].Current Opinion in Environmental Sustainability 2017, 29:14–25 This complexity requires purposeful and active manage-
ment and can be time-consuming and expensive [13].
The core leaders of the group need to pay careful attention
to transparency to encourage participation of those on the
periphery of the process and to nurture their involvement
through regular meetings [18]. In particular, such leaders
have to consider power relationships, as imbalances can
derail the entire process [19,20]. Being informed about
the complexities of group dynamics and organization
behavior can help to guide the team-based process [21,22].
A participatory process involving co-production of knowl-
edge is thus needed to generate relevant and reliable
restoration scenarios that account for multiple perspec-
tives and sources of information. This is a well-known
procedure applied in different management contexts
[23,24], but it is still poorly incorporated into restoration
planning and even less adopted when scenarios are devel-
oped for restoration (but see [25,26]).
Principle #2 — multiple desired outcomes should be
clearly identified
A restoration initiative usually involves multiple actors
with diverse perspectives, requirements, and desires.
Through a participatory process, those aspirations should
be clearly translated or represented in the ‘expected out-
comes’ or ‘goals’ of the restoration scenarios, which can also
be considered as the targets to be achieved (see glossary).www.sciencedirect.com
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Box 2 Case studies to illustrate the suggested principles for building restoration scenarios
Stakeholder involvement and scenario outcome identification (Principles #1, 2, 3 and 5)
Reed et al. [54] and Mitchell et al. [50] provide good examples of how to integrate multiple stakeholders in the restoration scenario building process
(Principle #1). By contrasting two scenarios based on extensifying or intensifying land management in the UK uplands, Reed et al. identified
stakeholders by conducting a series of interviews and workshops with interested parties. They then used stakeholder analysis and social network
analysis to select a representative and interconnected group of stakeholders. This smaller group was involved in exploring the current and future
perceived challenges of the upland system, developing a conceptual model of the main themes and desired outcomes (Principle #2), constructing
scenarios by focusing on the drivers of change within the system and interactions among potential outcomes (Principle #3), and refining and
prioritizing those scenarios based on their trade-offs and synergies (Principle #5). Similarly, for their case study of the Tasmanian Midlands, an
agricultural landscape and grassland biodiversity hotspot, Mitchell et al. engaged government officials, conservationists, rural organizations, land-
holders and scientists by conducting participatory workshops (Principle #1). Through these workshops, participants reviewed the historical
transformation of the landscape, discussed their desired outcomes, and the likely effects of climate change, other dynamic drivers of change, and
governance influencers on the future of the region (Principles #2 and #3). This process built upon a prior social-ecological-system analysis of the
dynamics affecting native grasslands, and was illustrated through a conceptual model (Principle #3). On both cases, the workshops ensured that
stakeholder’s comments were incorporated into the conceptual model and scenario design (Principle #1).
Methodologies for scenario design (Principle #3), and benefits of using a spatially explicit approach (Principles #4 and 5)
Reed et al. [54] and Birch et al. [6] created their restoration and ecosystem service scenarios through a spatially explicit approach, which provides
the unique opportunity to exactly locate areas with restoration potential across large landscapes (Principle #4). After receiving inputs from involved
stakeholders, Reed et al. used spatially explicit computer models to identify the externalities and explore the ecosystem service trade-offs and
synergies of two contrasting policy scenarios (Principle #5). The policy scenarios were on one hand the extensification of land use management in
the UK uplands, which refers to restoring land to sequester carbon and to provide habitat for some species, and on the other hand, the
intensification of agriculture and livestock production to achieve food security. Their models included variables related to land manager behavior,
vegetation dynamics, population dynamics of wildlife species of interest, carbon dynamics, and water quality (Principle #3). Similarly, in their case
study of four different degraded drylands in Latin America, Birch et al. applied a spatially explicit approach to assess the potential impact of
restoration on the net value of ecosystem services such as carbon sequestration, timber and non-timber forest products, tourism and livestock
production (Principle #4). The scenarios included business-as-usual state, passive restoration, passive restoration with protection, and active
restoration, constructed with a forest dynamics model (Principle #3). Each of these ecosystem services and their estimated net present values (the
difference in value between the business-as-usual scenario and the restoration scenarios) were mapped under each scenario (Principle #4). A
cost–benefit analysis of restoration was conducted by estimating the ‘net social benefit of restoration’, or the net value of the ecosystem services
minus the costs of reforestation, considering the different discount rates involved in land use change (Principle #3). In addition to showing that
restoration leads to increased ecosystem service provision in almost all cases, and that there are marked differences in the cost–effectiveness of
the different kinds of restoration scenarios, their results indicate that using a spatially explicit approach can allow areas with the greatest potential
benefit per unit cost to be prioritized for conservation planning (Principle #4). Both studies conclude that using a spatially explicit approach allows
identification of the exact location of trade-offs and complementarities among desired outputs in order to minimize externalities and create a win–
win situation for the environment, climate change, and for the livelihood of local landowners (Principle #5).
Analyzing outcome trade-offs and synergies (Principle #5) and communicating results effectively (Principle #6)
Mitchell et al. [50] and Reed et al. [54] make use of story lines and narratives to construct and communicate their restoration scenarios effectively
(Principle #6). After their workshops and stakeholder consultations, Mitchell et al. applied a systems-based strategy to consider critical
uncertainties within the drivers of change on the Tasmanian Midlands system dynamics. They created a quadrant matrix of scenarios comprising
the possible combinations of these uncertainties. A smaller group of researchers (here considered as key-actors and involved stakeholders) was
then able to refine scenario narratives based on scientific expert consultation. The scenarios varied on the basis of farmer profitability and social
and human capital, ranging from agricultural loss and rural decline to sustainable and profitable agriculture. These narratives were then brought
back to the community so that stakeholders could understand how their decisions would affect their environment (Principle #6). In a similar
fashion, Reed et al. used story lines and narratives to define their extensification or intensification policy scenarios in the UK uplands (Principle
#6). The narratives were communicated to stakeholders by film, which facilitated the integration of information from a wide range of sources,
including local and scientific knowledge, and gave public relevance to the issue while also providing rigorous evidence (Principle #6). The films
illustrated and communicated those narratives in a way that was easy for people from different backgrounds and education to understand and
endorse. For both studies, the narratives allowed stakeholders to identify opportunities for biodiversity conservation and potential sources of
financial support to incentivize local stakeholders to pursue win-win opportunities whenever possible (Principle #5).Desired outcomes should be simply and clearly illus-
trated, for example, if quantifiable, as the Y-axis or the
response variable of the scenario graphs (i.e. conservation
outcomes and/or nature’s contributions to people), which
can be projected into the future by each scenario through
models [4]. Such outcomes can be diverse, including
matters such as habitat structure (e.g. biomass, vegetation
stratification), provision of ecosystem services (e.g. water
supply, soil stabilization), presence or abundance of a
particular species (e.g. threatened species, or species
providing relevant ecosystem services), richness or diver-
sity of a taxonomic group, or control of invasive species.www.sciencedirect.com However, it is important to realize that these desired
outcomes may not fully occur even if the projected
restoration scenario is implemented, as there will always
be uncertainties associated with the modeling process as
well as with the trajectory that a habitat under restoration
might take.
To appropriately define potential outcomes, key-actors and
involved stakeholders need first to identify a common
‘problem statement’ and define the socio-environmental
context. For example, in South Africa’s Cape Floristic
Region, invasive alien trees threatened not onlyCurrent Opinion in Environmental Sustainability 2017, 29:14–25
20 Environmental change issuesindigenous biodiversity but also water provision, livestock
production, and livelihoods [27]. The socio-environmental
context related to budget limitations, management capac-
ity, and landowner attitudes constrained decisive actions
for invasive species control, and needed to be considered in
the scenario development [28,29]. In a South American
example, the conservation of two mammal species was
considered in a context of limited funds. Alternative
scenarios were thus considered by maximizing habitat
availability and biogeographical representation, while
minimizing land acquisition costs to restore 12 million
ha of Atlantic Forest [7]. Through this process of problem
statement and social–environmental context definition,
conservation and economic interests of different stake-
holders should be taken into account (see e.g. in Box 2).
Following the social process outlined above will ensure
credibility (technical evidence or premises are adequate),
saliency (findings are relevant to decision-makers), and
legitimacy (all views and beliefs are considered and
impartially tackled), key ingredients for an effective
scenario development process [30].
Principle #3 — definition of methodological choices
according to expected outcomes
The development of scenarios involves multiple meth-
odological choices regarding the type of scenarios, the
selection of direct and indirect drivers influencing resto-
ration, as well as other restoration-related variables and
indicators. Those choices are not always obvious, and for
this reason they need to be based, first of all, on the
desired outcomes provided by the involved and consid-
ered stakeholders and on the type of restoration required.
First, it is critical to determine the appropriate type of
scenario. There are four types of scenarios according
to the typology proposed by the Intergovernmental Sci-
ence-Policy Platform on Biodiversity and Ecosystem
Services — [4]): (i) Exploratory scenarios examine differ-
ent plausible futures based on past trends and in possible
(e.g. positive/negative, optimistic/pessimistic) storylines
or future trends of some variables, usually indirect drivers
such as socio-political, economic, or technological factors;
(ii) Target-seeking scenarios define targets of Y-axis out-
comes (e.g. nature or nature’s benefits to people) to be
achieved in the future, and then consider different initial
conditions and scenarios to attain those targets; (iii) Policy-
screening scenarios compare different ways to apply a par-
ticular policy (such as restoration) based on their impact
on required outcomes (Y-axis); and (iv) Retrospective policy
evaluations compare the projected outcomes obtained
from scenarios applied in the past with actual achieve-
ments, analyzing the reasons for differences between
expected and realized outcomes. All these scenarios
can be applied to restoration, depending on the restora-
tion phase: exploratory scenarios are useful for agenda
setting, target-seeking and policy-screening ones areCurrent Opinion in Environmental Sustainability 2017, 29:14–25 adequate for an intervention phase, while retrospective
policy evaluations are suitable for a review phase [4].
Second, involved and considered stakeholders must iden-
tify key direct and indirect drivers (see glossary) that may
influence the restoration process, taking into account the
desired outcomes (Figure 2). For example, rural–urban
migration is a main indirect driver for large-scale forest
recovery in some Latin American countries, and thus
should be considered in large-scale restoration planning,
both at the exploratory (exploratory scenarios) and inter-
vention stages (target-seeking or policy-screening scenar-
ios). Similarly, sustainable agricultural intensification
(direct driver) is a mechanism that can avoid agricultural
expansion and consequently spare land for restoration
[31]; hence it is an important factor to consider in
scenario development. For instance, Bohnet et al. [32]
developed a landscape toolkit with which stakeholders
create and evaluate spatially-explicit land use and man-
agement change scenarios. This process offers more
transparency and highlights possible conflicts of interest
among different stakeholders.
Third, there are specific restoration-related variables that
should be considered when scenarios are modeled [33],
such as biotic (e.g. persistence of soil seed banks, dis-
persing fauna) and abiotic variables (e.g. soil quality,
slope, precipitation, rainfall seasonality, landscape struc-
ture parameters). These variables can affect the local and
landscape resilience of the study system, modulating the
system’s capacity to intrinsically recover [34], and defin-
ing when a passive restoration strategy is possible, or
inversely, when an active restoration is required [35].
The spatial and temporal scales of restoration initiatives
as well as data uncertainty and availability are likely to
drive the choice of restoration-related variables (Figure 2).
Additionally, variables should be chosen in a participatory
manner, considering the perspectives of key-actors and
other stakeholders (as shown in the general framework
figure in Box 2), who possess the technical expertise and
on-the-ground knowledge regarding restoration drivers
and their future trajectories [36].
Fourth, as multiple drivers and restoration-related vari-
ables may be involved in planning restoration, a multi-
criteria approach that compares scenarios with different
targets is critical. Egoh et al. [37], for example, explore
scenarios to achieve a European Union 15% restoration
target (target-seeking scenario), considering both endan-
gered species conservation and ecosystem service provi-
sion. To develop the models, they compared sets of
scenarios with a different combination of targets to better
explore the most suitable combination of outcomes. Res-
toration scenarios also need to be based on the identifica-
tion of specific, observable, and measurable indicators
that will be used to assess the suitability of scenarios in
terms of whether they reach the desired outcomes orwww.sciencedirect.com
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(a) The type of scenario (from IPBES, [4]) will inform the selection of direct and indirect drivers and restoration-related variables, by means of a
participatory process, and considering spatial and temporal scales as well as data uncertainty and availability. These variables will then interact
with each other based on their given parameters. The chosen model filters those interactions to generate different restoration scenarios. Once the
scenarios are built, the results should be evaluated based on pre-established indicators and in consultation with multiple stakeholders. (b) Drivers
and restoration-related variables can be more or less important depending on their temporal and spatial scale. For example, climate change can
be very important at a large temporal and spatial scale, but not necessarily for a short-term plot level restoration project (red line). Similarly, an
abiotic restoration-related variable such as soil quality can be crucial when planning restoration at a small scale, but less relevant for a large
landscape with multiple soil types and varying soil fertility (blue-line). Such changing relevance must be considered when choosing drivers and
restoration-related variables. (c) Adopting a spatially explicit approach is important to model restoration scenarios. In particular, the spatial
configuration of existing forest patches and new restoration areas can strongly influence the speed, type, and cost of restoration, while also
determining functional connectivity.targets, as well as the cost-effectiveness of the restoration
initiative [7].
Principle #4 — scenarios should be spatially explicit,
temporally dynamic and should consider outcome
interactions
Once the scenario type, drivers, and restoration-related
variables are identified, the restoration project can move
forward to the modeling stage. At this stage, the partici-
pants of the restoration project have to make a series of
decisions that will form the basis of the models that will
be used to compare the different scenarios.
First, they have to decide whether the model will be
spatially explicit (e.g. does the spatial arrangement of the
landscape matters to the restoration process being mod-
eled?), implicit (e.g. does the spatial location of each
habitat patch need to be specified in the model?), or
non-spatial (e.g. do theoretical models reveal the interac-
tion among variables, without any reference to space?).
Since restoration outcomes are clearly affected by thewww.sciencedirect.com surrounding landscape and the functioning of the latter
is affected by restoration areas [34,38], we strongly
advocate for a spatially explicit approach (see Box 2
and Figure 2). This approach optimizes results and
enables planning a restoration scenario that simulta-
neously minimizes costs (for example, properly allocating
areas for passive restoration) and identifies priority areas
for active restoration (e.g. with an increase in biodiversity
status and ecosystem services provision). In this context,
for example, Perry and Enright [39] compared outcomes
from spatially explicit and implicit models applied to the
same system (using the same initial parameters), support-
ing the notion that spatially explicit models are better for
restoration applications (see also [40] and Box 2 for more
information).
Second, a wide range of methods can be used for model-
ing scenarios, including mental maps, conceptual models,
systematic conservation planning, and mathematical
models. For example, both Tambosi et al. [41] and
Crouzeilles et al. [7] approached the effects of habitatCurrent Opinion in Environmental Sustainability 2017, 29:14–25
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ration in the Atlantic Forest. However, while the former
ranked landscapes based on their contribution to increase
connectivity, the latter used a systematic conservation
planning approach to solve a mathematical problem state-
ment. Solutions to restoration prioritization modeling
regarding mathematical problem statements tend to be
more complex, but are more informative to decision
makers as they deal with specific targets and costs [42].
Third, it is important to identify and set parameters for
the interactions and feedbacks among the chosen drivers
and restoration-related variables, focusing on temporal
dynamics. For example, the potential for natural forest
regeneration depends on the amount of forest in the
surrounding landscape (among other restoration-related
variables), which can change over the time that the
restoration takes place [L. Tambosi, PhD thesis, Univer-
sity of São Paulo, 2014; [43]]. The interactions between
variables through time will determine scenario trajecto-
ries, which in turn can significantly affect the duration and
outcome of restoration initiatives, as well as their costs,
demanding adaptive management. We argue here that a
dynamic approach is necessary to correctly plan and
evaluate restoration outcomes.
Finally, the parameters that define variable interactions
and their temporal dynamics must be identified through
rigorous data collection, experimentation, modeling, and/
or expert knowledge. Data can be collected from multiple
sources, such as literature reviews of past restoration
studies or other reports on the trends or behavior of
variables. Parameterization of variables for the model(s)
will also benefit significantly from the inclusion of expert
knowledge, which can come from the key-actors,
involved and/or considered stakeholders, or from other
restoration experts (Box 2).
We note that the development of restoration scenarios
requires multiple data types and sources, analyses, and
models, which is only possible by integrating different
software tools (see supplementary material).
Principle #5 — analysis and dissemination should
highlight outcome trade-offs and synergies, promoting
an iterative process of scenario construction
As soon as scenario results are available, an adequate
strategy for analysis and dissemination among stake-
holders should be initiated. Such strategy should clearly
outline the steps that will be taken to verify the adequacy
of the results, followed by a detailed analysis and discus-
sion of the synergies and trade-offs that were identified by
the scenarios. For example, by comparing land use sce-
narios, Butler et al. [44] assessed trade-offs between food
and fibre production and water quality regulation, affect-
ing differently farmers and fishermen in The Great Bar-
rier Reef, Australia. A broad stakeholder consultation ofCurrent Opinion in Environmental Sustainability 2017, 29:14–25 scenarios’ results may help to identify and solve such kind
of potential conflicts.
The sub-set of stakeholders who participated in the model
definition should also engage in the analysis of the scenario
and model outputs (see for e.g. Box 2). These parties
should compare the outcomes for each scenario and assess
whether the scenario outcomes adequately represent how
the indirect and direct drivers interact with each other and
with other restoration-related variables. In a multi-criteria
approach, scenarios can be compared, through cost–effec-
tive or cost–benefit analysis, that is, identifying the sce-
nario that results in the highest targeted benefits per unit of
costs. It is also important to compare trade-offs between
scenarios, since the most cost–effective situation may not
reach the minimum desired outcomes. The choice of
spatial and temporal scales, as well as the level of uncer-
tainty given data availability, should also be explicit in the
results. Additionally, these stakeholders should evaluate
whether the resulting outcomes are compatible with the
initial targets of the restoration project, and verify whether
the restoration drivers and variables that were chosen in
the model definition reflected those objectives properly. If
there are discrepancies, those inputs need to be modified,
or alternative inputs should be added. These decisions
should be done in consultation with the parties involved, in
an iterative or adaptive management approach, as previ-
ously mentioned.
When analyzing the final results, a close examination of
the trade-offs and synergies among the resulting scenarios
is necessary, especially when a great number of variables
and criteria are adopted in the scenario construction. This
can be done by plotting the different scenario results
against each other, using, for example, spider diagrams or
portfolio maps to identify trade-offs and win–win solu-
tions [45,46], or by applying a spatially explicit analysis to
map trade-offs and win–win situations [46,47]. The exam-
ination of these trade-offs and synergies allows identify-
ing the scenarios that maximize synergies and minimize
trade-offs for all targets and all stakeholder expectations.
It might well be the case that no single scenario reaches
all objectives, or inversely, there could be certain scenar-
ios that impact negatively on the interests of a particular
stakeholder group. In these cases, new scenarios that
reflect different sets of viewpoints might be needed,
following an adaptive management approach.
To resolve potential conflict among stakeholders, sce-
nario selection requires repeated stakeholder consulta-
tion, in particular when intervention scenarios are consid-
ered (see Bohnet et al. [32] for an example of stakeholders
building and selecting scenarios). If conflicts exist, it
might be necessary to perform this step with the different
key-actors and stakeholder groups separately, before
moving on to joint consultations that include all stake-
holders. In these consultations, the results of the scenariowww.sciencedirect.com
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each stakeholder group(s), that is, ‘translated’ appropri-
ately [48]. The feedback provided from the stakeholder
groups, and the additional knowledge received, is then
incorporated into a set of new or modified scenarios. This
iterative process allows for the selection of scenarios that
are acceptable for the different actors involved in the
exercise and leads to a set of feasible scenarios that reflect
the actors’ perceptions, practical experience, and view-
points [25].
Principle #6 — interactive, face-to-face meetings
coupled with field days can optimize communication,
capacity building, and application of scenarios’ insights
The first steptowards successful application of the scenarios
developed is their appropriate dissemination to key-actors
and stakeholders, including a description of their indirect
and direct drivers, and how they impact on the selected
restoration-related variables of interest. Communicating
the process and key outcomes to a wider audience can
facilitate buy-in from a broader stakeholder community.
Communication can take on a multitude of forms, depend-
ing on the audience to be reached, and the desired level of
interaction and stakeholder engagement. Workshops allow
time for interventions and face-to-face discussions among
experts and key-actors, and facilitate reflection on the
potential impacts of the scenario outcomes, which can,
ultimately, lead to improved decision-making [49]. Cou-
pling workshops with excursions or field days makes the
results even more tangible. Exhibitions, ‘road shows’, and
lecture series are designed to address a broad audience,
while scientific publications and policy briefs target a very
specific audience. Social media can serve as an excellent
outreach tool, with webinars and Massive Open Online
Courses allowing for direct interaction with the audience.
More interactive formats can also be used to promote
capacity building and to provide the targeted audience with
the necessary skills to understand the results and apply the
outcomes of the different scenarios (see for e.g. Box 2).
Promoting capacity building also facilitates the incorpo-
ration of the results and outcomes of the scenarios into
policy. Dialogue workshops between decision-makers,
policy-makers, and experts maximize the knowledge
transfer and uptake of results, while workshops with
practitioners and managers facilitate the conversion of
the scenario results into practical restoration applications
[50]. These workshops and dialogues enable the formu-
lation of implementation plans and, using the variables
of interest, the development of monitoring plans.
Regular monitoring and reporting of results can then
be used to verify the scenario outputs and results [51],
and to adapt the parameterization of the models and re-
adjustment of scenarios. The iterative interaction
between practitioners, key-actors, and experts enables
true adaptive management and formulation of adequate
legislation and incentive mechanisms. Hence, directwww.sciencedirect.com interactions with the group of people that have the power
of influencing restoration and those mostly affected by its
outcomes are key to achieving a successful community of
practice and successful restoration programs.
Final remarks
The use of scenario modeling to improve restoration plan-
ning is not yet fully explored, but is critical to guide cost–
effective restoration interventions at the unprecedented
scales promoted by emerging global restoration commit-
ments. Restoration programs now have to progress beyond
the simplistic definition of a given number of hectares to
restore, and start considering the inherent challenges to
addresstheexpectedtrade-offsarising fromthecombination
of multiple restoration goals in areas already disputed by
other land uses and interests [52]. To fully realize the
potential of scenario modeling for restoration, we advocate
for the use of the guidelines presented here. We reinforce
the need to incorporate a transdisciplinary,participatory,and
adaptive management approach to restoration scenario
building. During this scenario building process it is essential
that key-actors and other stakeholders negotiate their inter-
ests and select desired outcomes, participate actively in
methodological choices, discuss the synergies and trade-offs
among different outcomes, communicate results with a
broader audience, and engage in an adaptive cycle that leads
to improved restoration scenarios, and from this allow for
more successful restoration projects. We also encourage the
application of a spatially explicit and dynamic multi-criteria
modeling approach, at adequate scales, with a well-devel-
oped problem statement, and the use of multiple iterative
and face-to-face communicationand capacity building activ-
ities to successfully achieve restoration outcomes. Most of
these suggestions are quite general and well-known in other
management practices, but they can facilitate the use of
scenarios in the context of ecosystem restoration. The use of
scenario tools has to go beyond their more common usage to
avoid degradation processes. A more widespread application
of scenarios to guide restoration planning, implementation,
and monitoring in large-scale programs is possible.
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